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The Normal Phase Variations of the 16 kc/s Signals 
from GBR Observed at College, Alaska, U.S.A. 


Jie Graryesame: AC. a Munspliy: 


Observations of the normal phase variations of 
the 16 kc/s signals radiated from Rugby, U.K., and 
received in College, Alaska, U.S.A., are given in the 
form of 15-day averages and standard deviations at 
5 minute intervals. The relations between the diurnal 
phase variations and the diurnal variation in the 
percentage of the path in darkness are shown. The 
Values of the short term phase differences are also 
eavien 


Key Words: VLF, phase, normal, diurnal, England-Alaska. 
1. Introduction 


This 2s the fitth of a series of reports, each of which summarizes 
the normal (or undisturbed) behavior of the phase of signals from 
various VLF transmitters as observed at particular receiving sites. 

This report deals with the reception at College, Alaska (lat. N 64° 
51' 36", long. W 147° 33' 48"), of 16 kc/s transmission of GBR, Rugby, 
Pee ele 52> 22" 10" Mons. Wo 1" 95"). @ path lleneth of 66511 tm. 


INS SQiLSig ISLS ISO ous HS ali) als) SeralSs) Cleewl yyaliclal qelalS wSeSionwaloray Org 
NBA at Frankfurt, Germany [Brady et al., 1963], Maui, Hawaii [Brady et al., 
1964a], Boulder, Colorado [Brady et al., 1964b] and College, Alaska 
[Crary and Murphy, 1965]. 


It is the purpose of these reports merely to present the reduced 
phase data, with a minimum of discussion. The data in these reports 
will be used in subsequent papers, each of which will deal with a 
Specific aspect of the data on all the paths. 


2. Data Analysis 


All the phase data used in these reports have been taken, reduced, 
and presented in a uniform manner as described in the first of the 
series [Brady et al., 1963]. Thus tables 1-12 contain monthly phase 
averages (AVER) at 5 minute intervals, standard deviations (SDV), the 
number of observations (NO) used in obtaining these quantities, the 
quiet average (QAV), which is the average after values more than one 
standard deviation from AVER are discarded, and the number (NO) of values 
used in QAV. (A fuller description of these tables is given in the first 
note of this series). 


3. Diurnal Phase Variations 


The monthly mean phase changes and standard deviations for 1962, 
taken from tables 1-12, are plotted in figures 1 and 2. The average 
diurnal phase change for 1962 is 125°. Because of the annual change 
in the diurnal variation of illumination, this value is difficult to 
interpret. The maximum diurnal phase change of 315° during the 15-day 
periods shown in table 13 occurs from September 25 to October 5. 
During this period the illumination should be nearly symmetrical about 
the equator and should change from zero to 100%. According to the mode 
theory of VLF propagation [Wait, 1962], this phase change corresponds 
to a change in the effective height of the ionosphere along the whole 
path of 20.8 km (assuming that the ionosphere is sharply bounded and 
that the mean of the daytime and nighttime heights is 80 km). 


3.1 Seasonal Variation in Diurnal Phase Change 


The mean diurnal phase change for each 15-day period is listed in 
table 13. The seasonal variation in diurnal phase change is plotted in 
figure 15 versus the percentage diurnal change in illumination along 
the path. The approximately linear relationship between the relative 
phase change and the change in illumination is apparent from this figure 
although a large amount of scatter is present, especially when the 
illumination is changing rapidly. Because of this large amount of 
scatter and the rapid variations in illumination that occur along this 
path, it was not deemed worthwhile to perform a Fourier analysis of the 
seasonal variation in the diurnal height change. 


3.2 Variation of Phase with Amount of Illuminated Path 


The monthly average phase variation shown in figures 1 and 2 shows 
typical superficial dependence on the length of path which is in day- 
light [Crombie et al., 1958; Pierce, 1957]. A more detailed examination 
of the relationship is given by plotting the diurnal phase changes at 
sunrise and sunset, together with variation in the length of illuminated 
path (at appropriate heights) at these times. This has been done in 
figures 3-14, which show the sunrise and sunset variations for each 15-day 
period for 1962. The figures have been drawn so that the maximum diurnal 
phase variation of 315° fits the full "percent darkness" scale in each 
case, 


The calculations of the length of illuminated path were made in the 
way described by Brady and Crombie [1964] and Crary [1965]. It is 
assumed in these calculations that the screening height of the earth's 
atmosphere is 30 km. Sunrise or sunset at the heights of O and 80 km 
are thus equivalent to solar zenith angles of 90° and 97° . 
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3.3 Sumrise and Sunset Variations 


Figures 3-14 show that the smooth diurnal phase change follows fairly 
closely the percentage of the path in darkness. On a high latitude path, 
such as this one, the sunrise and sunset times change very rapidly at 
most times of the year. It is therefore difficult to make generaliza- 
tions about the details of the time of the phase changes relative to the 
percentage of the path in darkness. In general the phase is bracketed 
fairly well by the ground and 80 km (or alternatively y = 90 or 97°) 
curves. 


4, Phase Stability 


iG was pointed out in the first paper of this series that both 
day-to-day phase stabilities and the phase variations over periods of 
tame wp to an hour or so were of interest. Typical values for the path 
being considered have been given in each paper. 


The day-to-day standard deviations of phase observed at College are 
given at 5 minute intervals for each month of 1962 in tables 1-12, and 
are also plotted in figures 1 and 2. Since this is a high latitude path, 
the diurnal and seasonal variations in illumination are very rapid. The 
time intervals in which maximum darkness or daylight occurs can be very 
short in summer or winter, respectively; daylight or darkness does not 
always occur under these conditions. 


During the hours when the path is completely daylit, the day-to-day 
standard deviations have a value of about 10° without any seasonal trend 
being apparent. When the path is dark, the day-to-day standard deviations 
vary between about 10° and 3025 again without a perceptible seasonal 
variation. A change of 1° in phase corresponds to a calculated change in 
the effective height of the ionosphere of 0.065 km along the entire path. 
If these observed phase changes are considered to occur along the whole 
path, they are equivalent to effective height changes of O.7 km during 
the day and 0.7 to 2.1 km during the night. 


The method of obtaining the short term phase variations has been 
described in the first of this series [Brady et al., 1963]. Table 14 
contains the rms phase differences calculated in this way for intervals 
of 10-90 minutes (T). ‘The data are given for both daytime and nighttime 
conditions during each month of 1962. As noted in the other papers of 
this series, the rms phase differences increase as the time interval T 
increases, particularly when T is small. During the summer months there 
is also a general tendency for the magnitude of the fluctuations for 
small T to be greater at night than during the day. The reverse situa- 
tion tends to be true during the winter. There is a tendency for these 
characteristics to also be true for large T but there are exceptions to 
this. The difference in magnitude between the day and night values 
tends to be greater in the summer and for large values of T. 
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RELATIVE PHASE CHANGE 
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Figure 15. Mean diurnal phase change for 15 day intervals on GBR, 


Rugby to College, Alaska, path versus the corresponding 


diurnal change in path illumination. 
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